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(54) MANUFACTURE OF FERROELECTRIC CAPACITOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a ferroelectric 
capacitor, by forming a seed layer with perovskite 
structure by annealing a first ferroelectric film, forming a 
second ferroeleciric film thereon, and forming a 
ferroelectric film with perovskite structure by annealing 
this. 

SOLUTION: A conductive oxide layer containing RuOx is 
evaporated on an insulating film 20 of a substrate 10. 
And a conductive oxide layer (a lower electrode) 30 is 
completed by thermally processing that in the air. First 
PZT sol-gel solution is applied on the RuOx lower 
electrode 30, and a first PZT film is formed. A seed layer 
40 is obtained by thermally processing the first PZT film 
in oxygen atmosphere after baking that. A second 
ferroelectric film is formed by applying second PZT sol- 
gel solution on the seed layer 40, and a PZT film 50 is 
obtained by baking the second ferroelectric film. A PZT 
film is obtained by annealing that. A RuOx upper 
electrode 60 is provided by evaporating RuOx on the 
PZT film. 
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(54) K^CD^] &fm&*V/V>*CD®£;£2£ 



(57) [Bfa] 

[ m®:^®. ] *»IBO>«JK&aEtt, (a)»l 

SfefljUT*l*i«14JBl*»JfiE-rSKBi. (b) fufE 
SiaR^ttl^ + ^^tsaBi. (c) fffBBSI 

-FI/-t-WTMi, (d) fuiSV- KU- 

*»ffiLT»2SiW*ttR*»flE'rSg»i. (e) M 
83»2»B«ffli4^--*>yTSS»i, ( f ) fulB 
W 2 SRSttB^r ^yv^LT^P^X^b fit 



4,- K u - r -Brfl 



P Z T**tt* 



I y^^>y ""I 



PZT7< 



P ZT»«ttt« 



n IB m *} g lT 



T 



C»3ffl 11 ( a ) m 1 a**ttBHfc«±«:# i 

(b) WBBmW«t»*^-*>^**8»^ 
( c ) UK* 1 *R»ffl«* T ^>J>^l^n^x* 

(e) m^2wmmmi^-^>^r^mxts 

( f ) wiB»r2SfiBi*taBi*T-y >yL,r^o^* 

stf c £ £w» £-r + £ ©Rje^ffi- 

2 ] ItiTfaS l ^ttM^tiaWOiiEmttMibW 
«I rO x t RhO, , RuO x RVT i O, J:9tt* 

Cf»3»H 3 ] ffiriBBMbftJStts*' y =» >s^±tce^ 6 
n*c£*^£-r&w*35i cciBtt<z>«ffli«** + ^ 

tc'iBAfchSC £*««£t-*»#S l cciBtfc^ifii 
[»3jcs 6 1 tutam 2 aiE«ttBj^b!ia»cD«si4BE{b«5 

BIrO, . RhO„ , RuO, Ri^T i O x <fc9&& 

[H3R3S7 3 BulBv"- F U-fHJPZTU-t-r 
& & C £ £ *#« £ -T -5 »*3S 1 K IBigO^P^tt * + 

[f»#JS9 3 lariat- F U— It- ©US 1*5 — 7 nm 
T£> * c £ 3r^$fc £ f S W*31 1 tclE«SO*»^tt+ * 

10] miB ( d ) SK£ ( e ) sre^SHKni 
^Oil-re £*«F»£1"Sg»*3B 1 CCiB*G>SiWf*4* 

[»3Rig 11] ItrfB ( c ) SB£ ( f ) ®B© 9 

[f»*3i 12] r t Ammomummx 10-200 

•C/m i n<Dlfifflffl*Wr€>C£«:«F«£-rS«|3jcSl 



0 ^8 -2 7 9 5 9 9 

2 

[ 13] R T A3fi*OflP!»fflK« 650-85 

o°c^ffiHffl ; &w-r^c£^sst£-r^iS^i i^ta 

[|»3»B 1 4 3 tfSia&Fi (e)SV(f) ©5 %4>& 
< i ^ii-rn^-^^MM^ 6 5 0 - 8 5 0 °c, ^ 

LrttI«ft«Fia*2 0-2 0 0»£LT»S*l*C £**& 
«£-T&»3ra 1 ccBEt^B^tt* *'*^*©^* 

10 [ W*3H 15 3 (a)RuO, »±tc» 1 3£St**M» 
£, 

(b) wriawiMBt*#«*^-^>^*s»i. 

(c) nizmi&mmimzT-v-^vLr^vrfx* 

A FflfcS©*>- Fb-f-^i^SPii, 

(d) HMBf- FU— ^-©i^SMfStt^W^^ 3 ^^ 

«H£, 

(e) miia^2^fimft®^^-^>^-ri>l9:Pt£, 

20 (f ) WE«r2 5jaBi«#jg*T-y>^ r L/rpzT^ -* 
[bwob i6] (a).»i mmwmimm±^m 1 p 

( b ) «riB» i ?ti§m^Ji t^-+>ytia»i, 

( c ) mssm i «w«#»*t - y > pztv- 

(d) SufB^>- FU-^-C0±tC*2 PZTV;U — ir'JV 
30 jg«^fljLr»2 3fiR«tW*«^SStt£, 

(e) lWrffi»25SaW««*^- + >^SSW£. 

(f ) KE92 ««**B*r - »; > d^ir p z t 7 -< 

[is^3ii 7 3 m&mi pzT^-y«ii^2 
p z t vou-yju«iR©5 -^^rn^- occ f— ■^ffw 
*wsn-ci^c£*«F«£-r&it*3ii 6cciBtg(D^ 

[»*«18] BfflBF-^ffJttNb. TaM'LaJ: 

40 o^c-s^-^^ai^sn/tii-rti^— ^^,c £ 

[«*S19] firiBF-^»JO?«ffi«0. 5 — 7^^ 

[i»*J12 0] (a) RuO x I±^l PZT^l/ 
£, 

(b) mizmi^^&m&'<-*>#'?Z>&V%£^ 

so (c ) BtrfiBSSisftSimttii^r^y v^l-cpzt 



3 

(d) «MBPZT^- KU- + -©±«c»PZT^l'- 

(e) MiHm2^^<*Jl^^-^>^-r^S:l I ^^^ 

PZT^l'-^l/««©5%^&< ±fcl>T*irt>— 
tf»3j8S2 2] ituiBF-^JttNb. TaMLaJ; 

sr»aii"rs«i*3H2 i tcnzn^mm&^v^i/zo) 

[»*«2 3] liuiBF-^J<Di*ffittO. 5 — 7*JI/ 
%05«5Hrt"CASCi«:WafrSi»3RS2 2 CClBtSO 

Ru^iPZT7 -f JU-ACDP bJsK^^ti-etiWIBP 
[»*3S2 5] MfB^>- KU-t- ffiiulBPZT:7 a 

Ob ) fuiBRu C HGC 5^7 0 n m<DM £ P 

( c ) HulBPZT^- FU— \»-0±CCP bZrTiO 
« , Pb (NbZr) TiO, , Pb (TaZr)Ti 
O, £/cfc£Pb (L a Z r ) T i O, <fc «5 & 

[0 0 0 1 ] 

<Z>»iS^ffiWHSfc , 3. 4#&CF RAM (Ferroelectric Rand 
om Access Memory) CC>* U HZJl/i 0"CfflSffl3*l&3SSf 

[0 0 0 2 ] 

T (Pb2rl-xTix03) «»B8ffl*t^*tC** < , *«M*tt 

/c 0 

[0 0 0 3] m*)i&$titcAA 
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[0 0 0 4] UR^-i Utfflt^nS 

fti&OCW: 1 0 1J 1M ^;ueK"Cffl0iE3ti2>fB»/ll* 
tc*rur»^M4^3RaC)e>tiS. Pt (6 

A) 4«i L tttlf S P Z T«?JO + 1 ^ 

i o 6 v a p^mk^hums^M^^t^ti. io 9 

& P Z T5RW<Daffl»*tt* ir ^> # 

i^SftW^W**"*. RuO x «S%ftffl , r5+t^ , '> 

^Stfc d: 9 J3S S *i & , c <D V )\s - JUSrc 

W S©P ZT7 ^ JbA*SSC(k*s-Cjt!tc < , stem 

in % mm$£<D & & * * ^* ^ £ * ms-r s c £ »s s -c & 

f#e>n-5o C*a<tWS&r), RuO x «S*rfl6ffl-r£* 

-fD^O — ;t/ (pyrochlore) £ #tfito s ^**B*l 
-S 0 PZT7^Jl/A<D«ffi*^Si8R«-Cf*^<SB^S 
*g#0. 1-5 amiSOM 1 *^**^^^ 

zf^-hA b<Dm&&<Bi&Ztitj:i><L$lcmtiZ> 0 PZ 
T©«iS7t:^-C^>S PbOTu O.HJitCP ZT7^b 

&v)"<w7xt>A FO«0»SE* s H8tfrc^cS. PZT7 
^JbA^^S/c^OcCi, ^ fc*>3-'f* >^^^CCcfc 0 
M$n/cPZT7 ^;UA^tiM*r6 0 0-7 
0 0°CCDfSH-Ctt3 0»PJttI*»O/c0, RTA (rapid 
thermal annealing ) j^ltC^ 0700-850 "CCOfi 
SrMt^o CCOJ: ; 5/j:^iiMfi'rP b^Ru O, 

40 -fe'v FtBSIffl©J«S»a5{aw^^-< d^P-;U (pyrochlor 
e) i^D^X*>f hi©a^«fiTft0, CCDcfc^/cC 

-iicRua /PZT/RuO x gIM©+t^^ 
^MniS^iO-'wA/cm 1 Hl^^tPt/ 
PZT/P t^+^^^^tctbU-C 1 OfSWJi^:* < . ^ 
P Z ^ Jl/AflDS®*W6* i ' , C!feli<0"CJ. v ^> 

So 

[0 0 0 5 ] 
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[0 0 0 6 ] */c, #»Jl<Df|&(DaW«:* «3f&flBtf» 
[0007] 

( b ) fulfil 1 3S»*tt««:^-*>^-r*ia:Hi, 

c c ) tress* i ?a««ffi«*r ~ u >^it^o 

hflt$£4»- F *JKJ58TS®Bf<!:, <d) bu 

ie^> - k u - -o^M^cm 2 temmwrnm xvk&v 

(e) mum2mwm&m*^~*>#?&^% 

(f ) Buia^2^itmttJ9i^T^';>^o-c^a^ 

[0008] £/c, nrtaa«j«:afl(rr S)fe«&frc**^© 

5SR«tt+*^^^^c3[>KiS*ffi«, (a) RuO, H_L 
tc^ 1 «R«4*«J: 9 1 ^u-y^iSS^'ffi 

br»19WWHSB**itSI8»i:, (b) BfTSBS 1 Sfi 
BISM^^ + ^^tSIWBi, (c) mitBfg 1 3£if 
WMfcT — 1> >yit^a^^-f F*f3&<?»- K u 
-t-%»saBi, (d) FU-^-^itc 

2 »RfStt« msfffli, ( e ) mfiBlfl 2 %RfStt 

ji«r^-^>^-r^ai»<!:. ( f ) M%zm2%mn#m 
[0009] »rga**i«©iajfi^fficc*5tr*T, MfB^- 

0- 1 0 0 nmfiffi©iBH3&«* bl> 0 fit, »R1 
- y JU«iKtD^flJSCf» 2 ^ilfti^)^ - * > ^KB 

i^-C«RTAXfI-C->- FU-t-iPZT7^l/A4 

[ooio] ccoct^^s^tccfctita:, -^p^^^^ 

h©«fi*St5'>-KU-t-(iI rO x , Rh 

o, , Ruo, , t i o x cd*>^4>&< ifcc^-rn^— 

U-^-«f*«ft< PZT7 -/^A<DJBSE«etc*sl»'r P 



0 WPB^S-2 7 9 5 9 9 

6 

[0 0 1 1 ] £/c, OTiBPZTvOl/-y;U«iRtc F-?* 
[0012] 

10 [0013] UXteS i ^ 

[0014] Vt-rm i *#JBTntf , *a?a<oKjfi^sE 

«RuO. T»«tt*#fiR**«»f<^ T»WS±«:^ 

3SBS«tt^^^A, F'l?t«PZT7^^?:M«S 
Pg. ^LrtulBPZT^^^AcDitCRuO, ±S[$m@ 

£»j?rr saw ccojz^^m^^Mwm^cm 

20 [00 15] i2ROl3?:#lfnH asiooifc 
112 0 ©±CCKJSttX><« ^ # "J >^j£Ct<fc 0 I r 
O x , RhO, , RuO x WT i O x <D*>*>'Pt£< £. 
fclifn^-^, a*U<«RuO I £diw»«*BMb 
ifaJB*3 0 0nni<3DI»STa»S-i±S. CG><fc5fcKl£ 

*<D4WEEi:b« 7 0:3 0, JE^J&i 20 0 — 5 0 0 mTorr 
% — «:2 0 0 — 6 0 0 W<t-T& 0 X;^£U>^ 
*iSTOfcacc«, >^»*-C6 0 0 •CSfficDSBrcft 1 

mmmt&mis-cmmimitmm <T6i«ffi> 30^ 
30 -r&o 

[0016] H 4 CC^L/c J: 5 GUiuieRu O x K<Z>_Bc 
KU-t- €rJBfiSr-SSBtc*5C^rB. IP 
ZTv^-il/— yJl/SiRin -propanol/acetic H! 1 : 1 ?8 
«rc*HROT0. 05 — 0. 3Mit5 0 mfflZfttcm 
1 P Z T vOU- $01/ xe>n-#tcj;*) flu IB R u 
O x TaWfi8±6C^S©/P3*caifliLr» 1 PZTfll* 
JfcflE-r*. Xh*>n— ^<OlHHE3Sffi«2 0 0 0 

-5 00 0RPM, 0gKFFIti4O#lg-C^^ o CCD 
<fc^6C»JSESn/c» 1 PZTi^:25 0 'CT 5 ^r^-^- 
40 *>^l//c«. J£«*F*/c«RTAKg«:ffll*rBeR» 

0 ^rf#-^ w F - OOf Stt 10 5^70 

1 0-2 0 0°C/sec , MffoUmxe 5 0-8 5 0'Ct 
* 0 , ±titf&SBMV$mt 2 0 — 2 0 0 #Asa$ 01^ 

[0017] «±<D<fc^^aSCCj;>3^- Fl/-t-4 
S/ctft, V- FU-i--<D_btC0. 4MiLtffiKSh 
fcP ZTRO' F-tT>^3tl/cP ZTffimWlM (precur 
sor) S|I^*2 PZT^l/ — ^l/fSiK^OTiB^- 

50 FU— \"-©± 60^0^*2 SftSSmtt 7 -f Jl/AJg:f#. 



C ti * > Siae«:W^ tf 3 0^ 0 £ O T Bl 5 
CC7SUfccfc^K:Wao/l$«>PZTIBI5 0«:t#«>o Cti 
^6 00-70 0'Cr3 0#raBBR#ffl»t?T.=. 'j>^ 
L/cO, RTAggr6 5 0-8 5 0 e CC3 OW^- 
U>yT-S>*s, -fcOffifiiSKW: 1 0-2 0 0°C/sec V 
$>& 0 SEM (Scanning Electron Microscopy) &X>*X 
R D ( X -Ray Di ff ractometer):£?£-e?#e> tltc PZT7 

a&/c. SJiBSfn . S2 P Z T^U-^»*«:tt F-^ 

Nb t Ta, La&iWl C<Z>3 ^4>tt < <fc *>— 3 
*j|«tSCi3Wr*-5. b9SBcOJ:^& F — fcf>^7n* 
tc . Pb (NbZr)TiO, . Pb (TaZ 
r) T i O k S/cttPb (LaZr) T i 0„**S6ft 

[0018] «**W*Cia6$C^U/cJ:9 0Citt&7 5 *xm 
<Dis* F^v*££ffll,>TB5iBP ZT7 -r ;WA<D_hfc:R 
uO, ^IfUTRuO, ±Sil6 0^I^S„ ^ 

10"\ ^©I^til 50nm"C$)-o/c e 
[0019] \UL±l<D£ ^^afiCCteti-C, iufB^- F U 
ii, RuO x ©Ruia»©PZT7-fJl/A©Pb 

^«wnpzT7^bAiRuo x BtcitKsn 

*ci*B5±T*»tfclW±l«iCTa>«tti. PZT 
[0 0 2 0 ] «±©iftfir**B^#ttHo©1t>^* 

ffi<D— otsRTAKtrri y>^$-t±/cfcorca> 

ftEMfttt^OfflUffitCW: Radienttt© Standard RT66A, R 
TeOOOHVS&t? t jlI/^ h J< y *7 — F*fc© HP8UL6V^UX 

[0 0 2 1 ] W$n/croCDRuO x /PZT/Ru 

£ j&ffl O ft I »fi£*(D^fi6tc J; £ ^ 1* £ K: It O T 1 / 
10*i^^,10- 6 A/cm J WTOffi^TSO/t. C 

xm^Z>. BPfeP t/PZT/P t*+'^£©fil<h&a 

^t, 1MHz 5sJOU hCDKSff^^UXifiJSrfiJffll/T^ 
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[0 0 2 2 ] 

[5H60I] ^t'>3-^^40 0 0RPMt[Elg2« 
ffih. SS±iCi^.6n/cRuO x -KCD-bKlO. 1MCD 

p z t««* 1 saws u cn^2 5 o o c-c5^rai^- 
+>yu n cn*RTA8atr-y>yit:«ao 

/sec , jn«maK*7 5 <ra a&teaweB3HBra:3 o 

[0 0 2 3 ] ^-Fb-t-^^tinU Xf>n 
- jr^2 0 0 0 RPMt?i(6Sti:^6, C<D±tC0. 
4MCDP ZTSffi^^ f>n-^^ V^ffiCCfcO&ffil/ 
fcf*, 2 5 0TOMgt^-"+>^lfeto C<D<fc5ft 
Xtf^n-^-f >y&^-+>^»WacDJ»S<DP Z 

20 RTAi6B^Jft*!ifflL/"C3 0 OnmnmCDWS^-r 

^a^^-f hfS©PZT7^;UA^#fc 0 c©IS 

■(DjRSaa^fefK*, M^2 1 /min , #Wai8K6 0 °C/se 
c , USKraiaS 3 ^ 5 0°C£ L. WSNFlffl«3 0»"C& 
o/c„ co^^&ifle^JlirW/cPZT^ 

J»«iil©^T«frc«aE#ffitcJ: OWiBP ZT^ ;UA(D 

fc„ »a»ffiffl«2 0 uC/cm* t$>o 

30 CC^ofco £/c, fflJB<D«tt«8E«5 x l 0- 7 A/cm 

* -e&o, lo^s^^^naatti. oxio- 6 a 

/cm 1 ^rSofco 
[0 02 4] 

[ J:b«WI tcj:0, Xf>a-^20 0 0R 

PMTiKSt^^RuO, J@l±CC0. 4MCDPZT 

S'MMiri^t 2 5 o°cr<-^>^t^>^ ^ 

^A^rf#/c„ aSM:ffi*fl=i UT6*M**2 U v h Jb/mi 
40 n ffrMmumXB 5 0°C, H^SBSra6*3 0 

[0 0 2 5 ] C<DJ:^tC»^$n/cfie3Sfc(S)*ffiiC<fcSP 
ZT7 ^ Jl/A*iB'JSO/c»S*, P ZT7 ;UA©aS^C 
0. S^UmcoBS^flfTSa^'? 

nt^/co mawtt«i*i4«r«j^-rs/c2«>ccpzT 
^^^©itcRuo, ±auss*fl5jao/c 

«Ftt©»J3eJB*. »B»Sfitt2 0/iC/cm 2 
50 fltC^SxlO-'A/cm 2 :c^±fO/c e 



(6) 



[0 02 6] 

t*r&<. K#OPt/PZT/Pt+t^$ffltK 
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;u A <fc 0 ^ffiOWtffi* 5 !*^- 

[HI] *3&W<DW£ttk<D7V~ : ? + - h"C£>£ 0 
[H2] ^W^sWHJft^ffiecAilSHt?**. 

[H4] *aia<3o»a*ffitc<fc&xgHr*>s- 

[0 5] *«iao«JS*ffiK:J:^xeiBI^«>a. 
[16] *«W©MiS^icJ:*X«l2r&£. 



[IE 1 ] 



[H2] 
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P ZT^^* 



^ - -1=- > ^ 



[05 ] 




[06 ] 
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